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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent display unevenness and to suppress high-speed 
responsiveness and the relaxation of a transparent state, in a liquid crystal element having a 
liquid crystal polymer composite body layer wherein a dual frequency drive liquid crystal is 
dispersed in a polymer compound layer. 

SOLUTION: Mixture of a precursor of a polymer compound, the dual frequency drive liquid 
crystal and a silane coupling agent having perpendicular alignment ability to the liquid crystal is 
injected into a cell and the precursor of the polymer compound is polymerized while no electric 
field is applied to the mixture to form the liquid crystal polymer composite body layer. 
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iEme5^fl)fis$*-rjSS) zmi^x, *^y— 

So 

[0 0 0 3] ^H¥5-6 1 0 2 3-^-i>^lrgH^^tir 
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[0 0 10] (Pp1S£4) Jiie4fBf)¥9-9 O 3 2 9-S§- 
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ft £ ^ 5 Fp1SIjSA< fe -p fc . 

[0 0 1 1] *§£WO>m®l*. ±fB«6*affi<DPpjSi^ 
j£g&lSa<j£<, Siffft^U-tt^filt*.. a*A7(0 

ft i^ftukm+zmm? •& - 1 ic & s „ 

[0 0 1 2] 
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=f- ■ fo&tst&itmt. w&k* • ftMftftJii=*E* 
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h'fyJl h'Ji h^vv7 f h7fyJl/h'J^ 
□ Pv^> s t^^fy^h'jxh^yy^y, 
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X-4-X^;Uv^ P^vJU) ^>V7-h, 2, 3 
-yv7/-4-Ih^rv7i-;i/-4- ( h^>X- 
4-^>fjl/V^ P^vJU) s<> % S7— K 2, 3- 
VV7y-4-Ih + y7i3-4- (h^>X-4 
-^fJl/y^P^vJb) ^>77-h, 4~v7/7 
x -;u- 4' 4 - t^x -;u^;U7fC^->^ 
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[0022] ±^m^m^y -*—t una, 

2-x^;u/s^-v;u 7^'J b-h, 2-tKP 

^yifil^ *) TV U U— h, 2-th'P*v^P 

*) T^'JU— K ^*-V->i>*— ;U 7^'JL/ 

-t KP^y^f;H??fmct^t#^o 
[0 0 2 3] £»1fett^</ '*-f4±E»W1IEtt i E 

/v-i:tadRrffift'Ste»*fli*fc»»-cfty % 2tffi 

tt^E/ V-* L-Cl*. tfX^x/— MEOSttv7^ 
'JU-h, ^yv75?;HEO$|4v7^'Jl/-h, h 
l J^PeL/>7 ,| Jn-;i/y7^ l J U-K K>£x'JX 
■J h-^y7^'J U-h : E/^f7L/-h, tS'Jx^U 

>yy zi-jui/T^ y u— k #y^peu>yua- 

^WJI/-h, 1. 4-^yytHl/y7^'JU 



— K 1. 6-^*>5*-Jl»7*'JI/-h, B* 
ttlSiagi TKayarad R1 67, HX220, H 
X6 2 0, R6 84J 4 - t A<T*#4o 

[0024] ■*&rc3 , &ffittSiiM4«t*iJSi±a)# , Bfttt 
^e/ ^— «t LTf*, hj * tp— ;u^p/\°> hut* y 

U-h, h'J^P-i^P^yh'Jxh + ^^'Jb 

— K *1tyy-ty >h'J7^U U— K ^y^i'JX 

y i — ;uhyr^y u— h, ^tth'j^fp-^p/^ 
>h'j7^y u— k ^o^xuxy i — v^to 
y u— h, y h y ^p-i^p/^f h^r^ y u— 
h, yx^xu^iji — y u— k 

y^i'JX'J h-^f7^U b-h, h'JX (2- 
th'D^yifJl/) -f7*>T*U— K 

— h, y^y^x'JX'J h-;U*^P^$A£tl7<7 
'JU-h (0*ikiai TDPCA-20, 30, 6 
0, 1 2 0j ) «**lf4ci:*<-e#*. 

[0 0 2 5] xfBig#^]fti&<*£m^LT 

C<tA<5T^L<. ^(Dkote^m-it-Styt LTI4, 0ij 
*_I4. «TlB2-t KP + yxf;b^^'J b-h<h1, 
6-^>yt-^y7^'J Lx- hi: 
$ i± 4 d £ I r £ y ft 4 - £ # -e* 4 o 
[0 0 2 6] *t>lc*«MirA^4«»^b*«5f*. ± 
E*l*»***5«*a>«* t ^t^y7~M0) 

0. 2 5< (*M»SW**ffl*0>«*/«1l61frEy 

^-»»<D«a?) <2 
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~ T*fe4o 
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14, 1-tKP*yy^P^yil/7i-^h> (f 
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»%md>f r cfc y k« u t . x#T-*Mft{*JiCJiMt 
[oo3i] ^sgBjio&^jfm*. Hi/ra-rsmiKoiaa 
*±-c, ft#T-«affi$f*ii3(c&r«&tt»a« in 

*>Hi l:fei>tl*ta2 a. 2 bO)«»^ • ;*$a*t^<* 
Badtt-f E«»a#IS**iTl*SC4:*<» 

a®icEifii«ia$ifi-r-i:3&<-e#*o TK^ErsiffistL 

[0 0 3 2] **HBO)«il*^a)*a>»»tLT 
^i^t^o Sffil a. 1 birLTI*. a 

[0 0 3 3] *«BB0>ail**l=i3t^r(*, 

A*ft(*mcffia>iixfta)*E«0aiLfe*«f=. is 

»*r*«a*<*<&B«»*tt**r«*d&5. 
[0034] ^«na>XA*^tt. jLEKiotttt. m 
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(»H 3 P9-9 02 39#) lCj3lf«*>^>a*/^U > 
arc**. JM*ttl:il*. ia B B B <b:S^^b^i:(D^®lc 
[0 0 3 7] ±E**ftfB<D*^-lc*5l+«}*ai:»#^ 

a» t m^it^m t <D&m £»H-r * * 5 ic^flr l r 

[0 0 3 8] r>* 'J >^3&<a*tttf. a^^y- 
aat*»^b*»i:a)»ffii=fffi-r«ait 

EfiHb^ttl*. tt5£fflfl$f::ttffirL. SBMBGHb^fctfT 
[0 0 3 9] T>*U>y6<»**Cfc-(?. awttjso) 

a>*EHijnir*y, tt*^sawR«£**. zz-c* 

«ao)SllElplttlBttW«L<fc3t-r*« 7 
tmi^k* ca>»ao>&itEiRittnia)ffitt$n]ti-e««: 

[0040] **«iB£*^y— si*57^*jy >ya> 

*<«»tt«*ftLTL^**a>tJtffl**L* 0 tot, ■ 

[0041] isi. mEtsssoftwcDjaa*^!*. 
*^^y >y#j<D*«tizBit??)-r. a^io^y-tttf 

KTit-kty t ttflt A±Rtt * t (7) ft * o 
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5 om&$ita*itmt±m l"Ka y a r a d R1 

6 7 J £ 4 OliSd: 1 . 6-^+r>vy*--;Uv>T^ 

oma^t>^^>is^^Hti^(*3 ossa 

-S;«E!fijas (^vttili r D FO 1 xxj % m 

JMM=10 6. 5°C) 7 011^, 

27184] ) lM»£:*ffl«Lfc. ttB*4M*JM* 

■e»y, hit. s«s»i tpf^o 

[0 0 4 4] ±Kffi£»?8i£. S®;^JS*<1 1 0°C|C 

CaAL/: 0 »4z;K*. 2«<7)#^;*S:K±|Z*;fve *l 
iTOtfiSJ^au -tCDSSK-fe^u h 'J *^n>7> 

[0 0 4 5] ±15*^ h^U- h;SJS£ 1 1 0°C|::*«# 
Lfcttffi-e. ±IB-tr;Kr^Sl mW/cm2o)Mi? 
lOfllHIBMtLfc. Canity, ffi^^SJEi*)b<S^ 

ft»ai-<fc*fi;»£SL-CL*fco ^-tr;uo 
*8TO*ai8*«ioo%i:Lr, ccD^ifeSlttSII^ 

[0 0 4 6] Wfetlfc^WaJjaai^Offlft* 2 7°C(C 
5SS*T-a>«aMI-±8 0 V. 1 kHztDSM 
IE? 1 0 0ms e cHlMLfco WEBWJO** ifcll*^ 
ttaOlttflR (MI$=9 5%) *SU t£«EEP*n& 
taUHttffi (3feSiM^=8 9%) SJUtLtl^fc, HP 

[004 7] XC: % *«<Djaa*?-IC±8 0 V, 100 
k H zCDjEflSaMMES' 1 0 Om s e cEPJPLTco miEEP 

u «EHi«ati*fka«aB («aa?=2o%) 

[0 0 4 8] *«0)jaa*T-lc % ±IB±8 0 

V. 1 k H z<D&m&t±8 0 V. 1 OOkHzO^ 

.fey. ttt*-r4aw««i {mm\±mw&<r> 
*aa»=8 9%) <t#ifea#® (waomEfi?^^ 

[0 0 4 9] (ftltfll) 7^U^i4-tKD*S/? 
^U£5 OSSgflt B*flsSM±S TKa y a r a d R 

1 6 7 j £ 4 0«figi5£ 1 . 6-^^>vt-il/V7 
* 'J U- h £ 1 b ft £^#T1ltJi&<* 3 O IIS 



t . -AftenftB & v vas r d f o i x x j ) i 
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[005 0] ±IB»dAX 2 1 0>ft*> y irffl 

[00 5 1] »6tLfc*«0)?afi*-7-a>ffla*2 7°CIZ 

jSSS^cDBfilHlcis o v. uhz« 

BBE^ 1 OOms e cBUDLfco tE^JlDt, fc**^ 

i*awtt»i <#a«*=9 5%) **u ismBERiAn^ 
taHtttt (*aa»=8 5%) **t»L-ci*fc. 

[0 0 5 2] WJ0^B B aI^l:±8OV, 100 

kH zOOEISftWEi- 1 OOms e cEPflPLf_ 0 HJEEP 

xax?(*3tiKatttt (*aa»=i o%> £^ 
Ls «smttittt»%tkattfli (*aa»=i 9%) 

[0 0 5 3] *«a)»a*^ir % ±IE± 8 O 

V, 1kHz <D$aM : t $i t±80V, 100kHzO)^ 

1 o oms e cssic&affmrman^&ctfr 
*y, *^y-tt**nr*awtt» (BPADaEE#»&a> 
*aa»=8 5%) tftmzivtm mi\m\±mw&v>% 
aa*=i 9%) &&mzBj8.?z>zktf-r?£tzo w 
*>> *«o>*ji*^i=tei+*aw««ai;*»a«»<D 
«fpi*-ttt-e*taa*SE<b-e 1 o%£9%-e$>y. am 
#is<&iigffi*<3ijfc#] 1 a>aw«fflo)iifpicttKr**^ 

[0 0 5 4] (3S«5«2) 2«C0)#^XSteCD^tL-€ ? n 

[0055] jft*p^Titaa)»a*^r*. 3fctfeai^J:^ 
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[0056] »&*ifc*«o>aa*?-<D;aa* 2 7°cic 
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»LTi*fc. bp% % ftttattffia)iifaid:aa*ftib a e7 
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[0 0 5 8] *«a>»a*^-i:: % ±IE±8 0 

V. 1 kHzO)Si*<!:±8 0V, 100kHz« 

«*y* **'j-tt£*-rsawtt« (ai*p«iE«»a(D 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The macromolecule and liquid crystal complex layer which comes to distribute the dual tone 
multifrequency actuation liquid crystal which shows the value of the dielectric constant anisotropy of both 
positive/negative in the high-molecular-compound layer pinched between the substrate of a couple, and this 
substrate, The polymer dispersed liquid crystal component which is a polymer dispersed liquid crystal 
component equipped with the electrode for impressing an electrical potential difference to this 
macromolecule and liquid crystal complex layer, and is characterized by the above-mentioned 
macromolecule and liquid crystal complex layer containing the low molecular weight compound which has 
the vertical orientation ability to the above-mentioned liquid crystal. 

[Claim 2] The polymer dispersed liquid crystal component according to claim 1 whose above-mentioned 
low molecular weight compound is a silane coupling agent. 

[Claim 3] The polymer dispersed liquid crystal component according to claim 2 whose above-mentioned 
silane coupling agent is octadecyl triethoxysilane. 

[Claim 4] The polymer dispersed liquid crystal component according to claim 1 to 3 whose above- 
mentioned low-molecular-weight-compound concentration in the above-mentioned macromolecule and 
liquid crystal complex layer is less than 30 % of the weight. 

[Claim 5] The polymer dispersed liquid crystal component according to claim 1 to 4 which the above- 
mentioned high molecular compound becomes from a monofunctional nature monomer and a polyflinctional 
monomer. 

[Claim 6] The polymer dispersed liquid crystal component according to claim 5 which has the structure 
where the above-mentioned high molecular compound comes to construct a bridge in the straight chains of a 
macromolecule which have the side chain whose end is a hydroxyl group. 

[Claim 7] The polymer dispersed liquid crystal component according to claim 6 with which the ratio of the 
die length of the side chain whose above-mentioned end in the above-mentioned high molecular compound 
is a hydroxyl group, and the die length of the above-mentioned polyflinctional monomer residue fills the 
following relation. 

0.25<(die length of die-length / polyflinctional monomer residue of side chain which has hydroxyl group) 
<2 — [Claim 8] The macromolecule and liquid crystal complex layer which comes to distribute the dual tone 
multifrequency actuation liquid crystal which shows the value of the dielectric constant anisotropy of both 
positive/negative in the high-molecular-compound layer pinched between the substrate of a couple, and this 
substrate, It is the manufacture approach of the polymer dispersed liquid crystal component equipped with 
the electrode for impressing an electrical potential difference to this macromolecule and liquid crystal 
complex layer. By being filled up with mixture with the low molecular weight compound which has the 
vertical orientation ability to the precursor, the liquid crystal, and this liquid crystal of the above-mentioned 
high molecular compound between the substrates of the couple equipped with the above-mentioned 
electrode, and carrying out the polymerization of the precursor of the above-mentioned high molecular 
compound The manufacture approach of the polymer dispersed liquid crystal component characterized by 
forming a macromolecule and a liquid crystal complex layer. 

[Claim 9] The manufacture approach of a polymer dispersed liquid crystal component according to claim 8 
that the above-mentioned polymerization is photopolymerization. 

[Claim 1 0] The manufacture approach of a polymer dispersed liquid crystal component according to claim 9 
of heat-treating at the time of the above-mentioned polymerization. 

[Claim 1 1] The manufacture approach of a polymer dispersed liquid crystal component according to claim 
10 that the temperature in the above-mentioned heat-treatment is more than the isotropic phase transition 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the polymer dispersed liquid crystal component especially 
equipped with memory nature, and its manufacture approach about the liquid crystal device used for a 
display device, an optical shutter component, etc. 
[0002] 

[Description of the Prior Art] In recent years, the polymer dispersed liquid crystal component which needs 
neither a polarizing plate nor a back light attracts attention as a display device of a low-power mold. In such 
a situation, between two display conditions of having memory nature (a transparence condition and light- 
scattering condition) is electrically reported to the switchable polymer dispersed liquid crystal component. 
For example, the method of realizing the polymer dispersed liquid crystal component which has memory 
nature is indicated by JP,5-61023,A, JP,8-240819,A, and JP,9-120058,A using dual tone multifrequency 
actuation liquid crystal (liquid crystal which a dielectric anisotropy shows the value of both 
positive/negative) . 

[0003] After pouring the mixture of dual tone multifrequency actuation liquid crystal and the precursor (it is 
hereafter described as a "macromolecule precursor 11 ) of a high molecular compound into inter-electrode, the 
polymer dispersed liquid crystal component currently indicated by JP,5-61023,A is in the condition which 
impressed electric field so that a liquid crystal molecule may be perpendicularly suitable to a substrate, and 
is manufactured by carrying out the polymerization of the above-mentioned macromolecule precursor near 
the room temperature. Thus, as for the produced polymer dispersed liquid crystal component, it is possible 
to make between the 2 conditions (a transparence condition and light-scattering condition) of having 
memory nature change by changing the frequency of the electrical potential difference impressed to inter- 
electrode. 

[0004] Moreover, the polymer dispersed liquid crystal component currently indicated by JP,8-240819,A and 
JP,9-120058,A is manufactured by carrying out the polymerization of the above-mentioned macromolecule 
precursor near the room temperature, after pouring the mixture of dual tone multifrequency actuation liquid 
crystal and a macromolecule precursor into inter-electrode. Thus, also as for the produced polymer dispersed 
liquid crystal component, it is possible to make between the 2 conditions (a transparence condition and 
light-scattering condition) of having memory nature change by changing the frequency of the electrical 
potential difference impressed to inter-electrode. 

[0005] On the other hand, the manufacture approach of a polymer dispersed liquid crystal component of 
having aimed at the improvement (reduction of driver voltage) of an actuation property is indicated by JP,9- 
90329,A by adding a surfactant or a silane coupling agent. The mixed solution which consists of liquid 
crystal, polymeric materials, a surfactant, or a silane coupling agent is specifically prepared, this solution is 
applied on one substrate, predetermined processing (for example, heat-treatment) is performed, a film is 
formed, on this film, another substrate can be arranged and a component can be obtained. The 
macromolecule which constitutes this component is not what unlike the above-mentioned conventional 
technique carried out the polymerization of the macromolecule precursor and formed it on the substrate. 
[0006] 

[Problem(s) to be Solved by the Invention] However, there was a trouble shown below in the above- 
mentioned conventional polymer dispersed liquid crystal component. 

[0007] (Trouble 1) The component currently indicated by above-mentioned JP,5-61023,A performs the 
polymerization of a macromolecule precursor, impressing electric field to inter-electrode, after pouring the 
mixture of liquid crystal and a macromolecule precursor into inter-electrode. The intention of this electric- 
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field impression is for carrying out the polymerization of the macromolecule precursor, where orientation of 
the liquid crystal molecule is vertically carried out to an electrode surface. However, the electric-field 
impression to the above-mentioned mixture may make the liquid crystal in said mixture generate 
macroscopic floating of an electric-field induction mold. If impression electric field strength tends to be 
enlarged and it is going to raise the vertical amount of preferred orientation of a liquid crystal molecule 
especially, it will become easy to generate the above-mentioned floating phenomenon. When the field the 
liquid crystal molecule has not carried out [ the field ] orientation vertically to the electrode surface was 
formed of such floating and the polymerization of a macromolecule precursor was performed in this 
condition by it, the case where display nonuniformity occurred was in the obtained component. 
[0008] (Trouble 2) The component currently indicated by above-mentioned JP,8-240819,A and JP,9- 
120058,A had the problem that a display condition eased, when the electrical-potential-difference 
impression for forming a desired display condition (a transparence condition or light-scattering condition) 
was canceled. When the electrical-potential-difference impression for transparence condition formation was 
canceled especially, there was a problem of falling rather than the light transmittance shown during 
electrical-potential-difference impression. 

[0009] (Trouble 3) The component currently indicated by above-mentioned JP,8-240819,A had the trouble 
that a speed of response was slow. For example, in order to make a light-scattering condition change from a 
transparence condition, it is necessary to impress the electrical potential difference for light-scattering 
condition formation for several seconds. On the other hand about the component currently indicated by JP,5- 
61023,A and JP,9-120058,A, the speed of response of a component was not specified, but the speed of 
response was unknown. 

[0010] (Trouble 4) The component currently indicated by above-mentioned JP,9-90329,A had the trouble 
that there was no memory nature. That is, when the electrical potential difference impressed to inter- 
electrode was canceled, there was a trouble that the condition that the component showed was 
unmaintainable, at the time of this electrical-potential-difference impression. 

[001 1] The technical problem of this invention solves the trouble (relaxation, the speed of response, and 
display nonuniformity of a display condition) of the above-mentioned conventional technique, its speed of 
response is quick, it is equipped with good memory nature, and is to offer a liquid crystal device without 
display nonuniformity. 
[0012] 

[Means for Solving the Problem] The macromolecule and liquid crystal complex layer which comes to 
distribute the dual tone multifrequency actuation liquid crystal which shows the value of the dielectric 
constant anisotropy of both positive/negative in the high-molecular-compound layer pinched between the 
substrate of a couple, and this substrate the first of this invention, It is the polymer dispersed liquid crystal 
component equipped with the electrode for impressing an electrical potential difference to this 
macromolecule and liquid crystal complex layer, and the above-mentioned macromolecule and liquid crystal 
complex layer are the polymer dispersed liquid crystal components characterized by containing the low 
molecular weight compound which has the vertical orientation ability to the above-mentioned liquid crystal. 
[0013] The polymer dispersed liquid crystal component of above-mentioned this invention includes the 
following configurations as a desirable mode. The above-mentioned low molecular weight compound is a 
silane coupling agent. The above-mentioned silane coupling agent is octadecyl triethoxysilane. The above- 
mentioned low-molecular-weight-compound concentration in the above-mentioned macromolecule and 
liquid crystal complex layer is less than 30 % of the weight. The above-mentioned high molecular 
compound consists of a monofunctional nature monomer and a polyfunctional monomer. It has the structure 
where the above-mentioned high molecular compound comes to construct a bridge in the straight chains of a 
macromolecule which have the side chain whose end is a hydroxyl group. The ratio of the die length of the 
side chain whose above-mentioned end in the above-mentioned high molecular compound is a hydroxyl 
group, and the die length of the above-mentioned polyfunctional monomer residue fills the relation of 0.25< 
(die length of die-length / polyfunctional monomer residue of side chain which has hydroxyl group) <2. 
[0014] Moreover, the macromolecule and liquid crystal complex layer which comes to distribute the dual 
tone multifrequency actuation liquid crystal which shows the value of the dielectric constant anisotropy of 
both positive/negative in the high-molecular-compound layer pinched between the substrate of the second 
couple of this invention, and this substrate, It is the manufacture approach of the polymer dispersed liquid 
crystal component equipped with the electrode for impressing an electrical potential difference to this 
macromolecule and liquid crystal complex layer. By being filled up with mixture with the low molecular 
weight compound which has the vertical orientation ability to the precursor, the liquid crystal, and this liquid 



http ://www4 . ipdl . ncipi . go jp/cgi-bin/tran_web_cgi_ejj e 



6/6/2006 



JP,2002- 148600, A [DETAILED DESCRIPTION] 



Page 3 of 10 



crystal of the above-mentioned high molecular compound between the substrates of the couple equipped 
with the above-mentioned electrode, and carrying out the polymerization of the precursor of the above- 
mentioned high molecular compound It is the manufacture approach of the polymer dispersed liquid crystal 
component characterized by forming a macromolecule and a liquid crystal complex layer. 
[0015] In the manufacture approach of above-mentioned this invention, the temperature in that the above- 
mentioned polymerization is photopolymerization, heat-treating at the time of this polymerization, and this 
heat-treatment includes as a desirable mode that it is more than the isotropic phase transition temperature of 
liquid crystal. 
[0016] 

[Embodiment of the Invention] The description of this invention is in having made the low molecular weight 
compound (it being hereafter described as a "vertical orientation compound") which has vertical orientation 
ability to liquid crystal in a macromolecule and a liquid crystal complex layer contain. Without impressing 
electric field by adding this vertical orientation compound into the mixture of the precursor (macromolecule 
precursor) of a high molecular compound, and liquid crystal, and carrying out the polymerization of this 
precursor, the macromolecule and liquid crystal complex layer which liquid crystal distributed good can be 
obtained, and good memory nature can also be made to discover simultaneously in this invention. 
[0017] The vertical orientation compound which can be used by this invention is a low molecular weight 
compound which has the function which carries out vertical orientation to the dual tone multifrequency 
actuation liquid crystal used by this invention. That is, when liquid crystal is pinched between the substrates 
by which surface treatment was carried out with this vertical orientation compound, this liquid crystal shows 
vertical orientation. In this invention, although it can use if it is the low molecular weight compound which 
has such a property, and there is no limit in the class, silane coupling agents, such as a thoria RUKOKI 
silane which a silane coupling agent is mentioned, for example, has preferably the alkyl group of the carbon 
atomic numbers 1 0-22 and the alkyl group which may be fluorinated, or a TORIHARO silane, can be 
mentioned. More specifically, decyltrimetoxysilane, decyltrichlorosilane, dodecyltriethoxysilane, tetradecyl 
trichlorosilane, octadecyl triethoxysilane, octadecyl trichlorosilane, EIKO sill trichlorosilane, DOKOSHIRU 
trichlorosilane, trideca fluoro octyl trichlorosilane, trideca fluoro octyl trimethoxysilane, etc. are mentioned. 
Furthermore, lecithin, stearin acid, CTAB (hexadecyl trimethylammonium star's picture), octadecyl amine 
hydro chloride, a a little salt machine nature carboxylic-acid chromium complex (example: misty 
phosphoric-acid chromium complex), etc. can be mentioned. 

[001 8] Although there will be especially no limit if the concentration in a macromolecule and a liquid 
crystal complex layer of the vertical orientation compound concerning this invention can make a liquid 
crystal device discover a desired property, preferably, less than 30% of the weight, it is less than 20 % of the 
weight more preferably, and is less than 10 % of the weight desirably. 

[0019] Although the dual tone multifrequency actuation liquid crystal used in this invention is liquid crystal 
in which the dielectric anisotropy of both positive/negative is shown according to the frequency of applied 
voltage, for example, the dual tone multifrequency actuation liquid crystal mixture "DF01XX" by Chisso 
Corp. is used preferably, this liquid crystal shows negative, if the frequency of applied voltage is 5kHz or 
less, and a dielectric anisotropy is 10kHz or more about a forward value. 

[0020] In this invention, the mixture which consists of two or more kinds of low-molecular-liquid-crystal 
compounds as dual tone multifrequency actuation liquid crystal is also used preferably. As such a low- 
molecular-liquid-crystal compound 2, 3-dicyano-4-pentyloxy phenyl -4-(transformer-4-ethyl cyclohexyl) 
benzoate, 2, 3-dicyano-4-ethoxy phenyl -4-(transformer-4-pentyl cyclohexyl) benzoate, 2, 3-dicyano-4- 
ethoxy phenyl -4-(transformer-4-butyl cyclohexyl) benzoate, 4-cyanophenyl-4*-pentyl-4-biphenyl 
carboxylate, etc. can be mentioned. 

[002 1 ] As a macromolecule precursor used by this invention, it is photopolymerization nature preferably, 
and the mixture of one or more sorts of monofunctional nature monomers and one or more sorts of 
polyfunctional monomers is mentioned preferably. 

[0022] As the above-mentioned monofunctional nature monomer, 2-ethylhexyl (meta) acrylate, 2- 
hydroxyethyl (meta) acrylate, 2-hydroxypropyl (meta) acrylate, butanediol monochrome (meta) acrylate, 
hexandiol (meta) acrylate, phenoxy ethyl (meta) acrylate, tetrahydrofurfuryl (meta) acrylate, acrylic-acid 4- 
hydroxy butyl, etc. can be mentioned, for example. 

[0023] A polyfunctional monomer is the ingredient equipped with the functional group in which the above- 
mentioned monofunctional nature monomer and association are possible. Moreover, as a 2 functionality 
monomer Bisphenol A EO denaturation diacrylate, isocyanuric acid EO denaturation diacrylate, 
Tripropylene glycol diacrylate, pentaerythritol diacrylate monostearate, Polyethylene-glycol diacrylate, 
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polypropylene-glycol diacrylate, 1 ,4-butanediol diacrylate, 1 ,6-hexanediol diacrylate, the Nippon Kayaku 
Co., Ltd. make (Kayarad R167, and "HX220, HX620, R684"), etc. can be mentioned. 
[0024] As further 3 functionality or a polyfunctional monomer beyond it Trimethylolpropane triacrylate, 
trimethylol propane TORIETOKISHI acrylate, Denaturation glyceryl triacrylate, a pentaerythritol thoria 
chestnut rate, Denaturation trimethylolpropane triacrylate, pentaerythritol tetraacrylate, 
Ditrimethylolpropanetetraacrylate, dipentaerythritol pentaacrylate, Dipentaerythritol hexaacrylate, tris (2- 
hydroxyethyl) isocyanurate (meta) acrylate, dipentaerythritol caprolactam denaturation acrylate (Nippon 
Kayaku Co., Ltd. make (DPCA-20, and "30, 60,120")), etc. can be mentioned. 

[0025] In this invention, it is desirable that the high molecular compound obtained by carrying out the 
polymerization of the above-mentioned macromolecule precursor has the hydroxyl group at the side-chain 
end, and it can obtain as such a high molecular compound by carrying out the polymerization of the mixture 
of said 2-hydroxyethyl methacrylate and 1 ,6-hexanediol diacrylate, for example. 

[0026] As for the high molecular compound furthermore applied to this invention, it is desirable that the 
ratio of the die length of a side chain and the die length of polyfunctional monomer residue which has the 
above-mentioned hydroxyl group has the following relation. 

The concentration of the mono functional nature monomer in the macromolecule precursor which consists of 
a monofunctional nature monomer described above 0.25<(die length of die-length / polyfunctional monomer 
residue of side chain which has hydroxyl group) <2, and a polyfunctional monomer is 50 % of the weight - - 
90 % of the weight preferably 40% of the weight or more. 

[0027] The cross section of the basic configuration of the liquid crystal device of this invention is shown in 
drawing 1 . For la and lb, a transparence substrate, 2a, and 2b of an electrode and 3 are [ a macromolecule 
and a liquid crystal complex layer and 4 ] spacers among drawing. 

[0028] In the manufacture approach of the liquid crystal device of this invention to the transparence 
substrates la and lb, respectively Electrode 2a, After holding the gap between substrates to homogeneity 
using a spacer 4 if needed, sticking both substrates, forming [ forming 2b, ] an empty eel and pouring in the 
mixture of a macromolecule precursor, liquid crystal, and a vertical orientation compound into this empty 
eel, the polymerization of this macromolecule precursor is carried out, and a macromolecule and the liquid 
crystal complex layer 3 are formed. 

[0029] The concentration of the liquid crystal in the above-mentioned mixture is 40 % of the weight - 80 % 
of the weight more preferably 30 % of the weight to 90% of the weight. In this invention, when a 
polymerization initiator may be added in this mixture, for example, it carries out photopolymerization of the 
macromolecule precursor by UV irradiation, a photopolymerization initiator can be used. As a 
photopolymerization initiator, 1 -hydroxy cyclohexyl phenyl ketone (the "IRUGA cure 184" by Ciba-Geigy), 
benzyl dimethyl ketal (the "IRUGA cure 651" by the company), etc. can be mentioned, for example. 
Moreover, as for the addition concentration of a photoinitiator, it is desirable that it is 0. 1 - 5 % of the 
weight to the mixture AUW of a macromolecule precursor, liquid crystal, and a vertical orientation 
compound. 

[0030] Although the polymerization of the macromolecule precursor concerning this invention is preferably 
carried out according to photopolymerization and a macromolecule and a liquid crystal complex layer are 
formed, at this time, you may heat-treat if needed and, as for whenever [ stoving temperature ], it is 
desirable to set up more highly than the isotropic phase transition temperature of the liquid crystal to be used 
in that case. 

[0031] Although the liquid crystal device of this invention can be displayed by making liquid crystal shift to 
the transparence condition or the light-scattering condition of having memory nature by choosing the 
frequency of the electric field to impress suitably It is desirable that orientation processing is performed to 
the substrate interface which touches a macromolecule and the liquid crystal complex layer 3, i.e., the front 
face which touches electrode 2a, and the macromolecule and liquid crystal complex layer 3 of 2b in drawing 
1 , when acquiring the good stacking tendency of liquid crystal. As this orientation processing, it is suitably 
chosen by the property of the liquid crystal to be used, and level orientation processing and vertical 
orientation processing are used with it. Orientation processing can be performed to a substrate front face by 
the approach of gas phase adsorption, immersion, a spin coat, etc., using a cetyl trimethyl ammonium star's 
picture, an octadecyl ethoxy silane, etc. as vertical orientation processing. As level orientation processing, 
the thin film which consists of polyimide, polyvinyl alcohol, etc. can be prepared on an electrode, and it can 
form by carrying out rubbing of this thin film. Moreover, orientation processing may not be performed 
without the need. 

[0032] Moreover, especially as other members of the liquid crystal device of this invention, it is not limited 
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but the configuration member of the conventional liquid crystal device can be used. For example, as 
substrates la and lb, transparence substrates, such as glass, are usually used and electrode 2a and 2b are 
formed by transparence electric conduction material, such as ITO. 

[0033] In the liquid crystal device of this invention, when the electrical potential difference of the 1st 
frequency is impressed to a macromolecule and a liquid crystal complex layer, this complex layer discovers 
the 1st condition, and when the electrical potential difference of the 2nd frequency is impressed, the 2nd 
condition is discovered. In this invention, the 1st condition of the above is in a transparence condition, and 
the 2nd condition is in a light-scattering condition (opaque condition). Therefore, the 1st frequency has 
liquid crystal in the field which shows a forward dielectric anisotropy, and the 2nd frequency has liquid 
crystal in the field which shows a negative dielectric anisotropy. 

[0034] The liquid crystal device of this invention is equipped with the memory nature maintained mostly 
even after the 1st condition of the above and the 2nd condition cancel electrical -potential-difference 
impression of the 1st frequency, and electrical-potential-difference impression of the 2nd frequency, 
respectively. That is, relaxation of the display condition mentioned as a trouble by the above mentioned 
Prior art is controlled. As the reason, orientation relaxation of the liquid crystal molecule after electric-field 
impression discharge is conjectured to be because for it to be controlled by existence of the vertical 
orientation compound contained in a macromolecule and a liquid crystal complex layer. 
[0035] Moreover, since the liquid crystal device of this invention is not impressing electric field at the time 
of the polymerization of a macromolecule precursor, macroscopic floating of liquid crystal does not occur at 
the time of this polymerization, but therefore, on the whole component surface, uniform macromolecule and 
liquid crystal complex layer are formed, and generating of the display nonuniformity resulting from the 
above-mentioned floating is prevented. 

[0036] As explained above, as for the liquid crystal device containing the silane coupling agent in the 
conventional technique (JP,9-90239,A) mentioned above, the liquid crystal devices of this invention differ 
constitutionally clearly [ although characterized by containing the vertical orientation compound (for 
example, silane coupling agent) ]. Specifically, the distribution conditions of the silane coupling agent in the 
interface of liquid crystal and a high molecular compound differ. 

[0037] The silane coupling agent which exists in the interface of the liquid crystal and the high molecular 
compound in the component of the above-mentioned conventional technique is distributed so that the 
interface of a liquid crystal drop and a high molecular compound may be covered. Therefore, in this 
interface, since the rate that liquid crystal touches the high molecular compound becomes very small, the 
interaction (achoring) of liquid crystal and a high molecular compound is extremely weak. Consequently, 
the driver voltage of a component is decreasing. 

[0038] If achoring becomes weaker, display-memory nature, especially the display-memory nature of a 
transparence condition will be spoiled. In the liquid crystal device of this invention, since display-memory 
nature is excellent, the vertical orientation compound which exists in the interface of liquid crystal and a 
high molecular compound is comparatively distributed over a non-dense, and it is thought [ whose a vertical 
orientation compound weakens achoring ] that it is not distributed like. 

[0039] By achoring becoming weaker, why the memory nature of a transparence condition is spoiled is 
explained. First, this component is made into a transparence condition by electrical-potential-difference 
impression to a component. Here, if electrical-potential-difference impression is not canceled, this 
transparence condition is maintained. If liquid crystal is in an orientation condition and electrical-potential- 
difference impression is canceled at this time, the vertical orientation condition of liquid crystal tends to 
collapse. If achoring is weak, breaking of the vertical orientation condition of this liquid crystal cannot be 
controlled. That is, the memory of the transparence condition cannot be carried out. 

[0040] Although the detail of the stereo of achoring to which memory of the display condition is carried out 
is unknown, it is guessed that the hydroxyl group contained in the high molecular compound currently used 
in the liquid crystal device of this invention at least is what is carrying out important work. Therefore, it can 
be said that the vertical orientation compound is distributed so that the achoring function of this hydroxyl 
group may not be spoiled. 

[0041] In addition, the liquid crystal device of said Prior art is not concerned with the existence of a silane 
coupling agent, there is no memory nature in a display, and the high molecular compound used is not what 
carried out the polymerization of this precursor in the mixture of liquid crystal and a macromolecule 
precursor. Therefore, it differs from the high molecular compound used by the liquid crystal device of this 
invention constitutionally. 

[0042] The liquid crystal device of this invention can be considered as an optical shutter component using 
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the two above-mentioned conditions (a transparence condition, light-scattering condition). Moreover, if a 
light reflex plate or a coloring plate is formed in the rear face of one substrate while using as a liquid crystal 
device of a transparency mold as it is, it can also use as a liquid crystal device of a reflective mold. 
[0043] 

[Example] The macromolecule precursor 30 weight section which consists [ butyl / acrylic-acid 4-hydroxy ] 
40 weight sections and 1 ,6-hexanediol diacrylate of the 10 weight sections in 50 weight sections and 
"Kayarad R167" by Nippon Kayaku Co., Ltd., (Example 1) The dual tone multifrequency actuation liquid 
crystal ("DF01XX", isotropic phase transition temperature = 106.5 degrees C) 70 weight section, the silane 
coupling agent (octadecyl triethoxysilane) 3 weight section, and the photopolymerization initiator (the 
"IRUGA cure 184" by Ciba-Geigy) 1 weight section were mixed. [ by Chisso Corp. ] This mixture is 
liquefied and is hereafter called a mixed solution 1 . 

[0044] It poured into the centrum of a eel which set the above-mentioned mixed solution 1 in the shape of 
[ skin temperature is maintained by 1 10 degrees C ] a hot plate. This eel forms an ITO electrode on two 
glass substrates, respectively, performs vertical orientation processing by the cetyl trimethylammonium 
star's picture to the front face, and it is made to come to carry out opposite arrangement through a 7- 
micrometer spacer. 

[0045] Where the above-mentioned hot plate temperature is maintained at 1 10 degrees C, the ultraviolet rays 
of on-the-strength 1 mW/cm2 were irradiated for 10 minutes at the above-mentioned cel. Thereby, the 
macromolecule precursor carried out the polymerization and the macromolecule and the liquid crystal 
complex layer were formed in the cel. After suspending UV irradiation, heating of a hot plate was also 
suspended. Then, where a liquid crystal cell is installed on a hot plate, it cooled until eel temperature 
became 27 degrees C. The obtained liquid crystal device was presenting nebula by light scattering. The light 
transmittance of the liquid crystal device in this light-scattering condition was 19%, having used light 
transmittance in the condition of an empty eel as 1 00%. 

[0046] The temperature of the obtained liquid crystal device of this example was kept at 27 degrees C, and 
100msec impression of the square wave electrical potential difference of **80V and 1kHz was carried out 
inter-electrode [ of a liquid crystal device ]. During electrical-potential -difference impression, the 
transparence condition (light transmittance = 95%) was shown, and, as for the liquid crystal device, after 
this electrical-potential-difference impression was maintaining the transparence condition (light 
transmittance = 89%). That is, relaxation of a transparence condition was about 6% in permeability. 
[0047] Next, 100msec impression of the square wave electrical potential difference of **80V and 100kHz 
was carried out at the liquid crystal device of this example. During electrical-potential-difference 
impression, the light-scattering condition (light transmittance = 1 0%) was shown, and, as for the liquid 
crystal device, after electrical-potential-difference impression was maintaining the light-scattering condition 
(light transmittance = 20%). That is, relaxation of a light-scattering condition was about 10% in 
permeability. 

[0048] Furthermore, the transparence condition (light transmittance after applied-voltage discharge = 89%) 
and the light-scattering condition (light transmittance after applied-voltage discharge = 20%) of having 
memory nature were able to be formed in the liquid crystal device of this example by turns by impressing a 
square wave (the above-mentioned **80V and 1kHz) and a square wave (**80V and 100kHz) to a liquid 
crystal device alternately with lOOmsec(s). This situation is shown in drawing 2 . 

[0049] (Example 1 of a comparison) The giant-molecule precursor 30 weight section which consists [ butyl / 
acrylic-acid 4-hydroxy ] 40 weight sections and 1 ,6-hexanediol diacrylate of the 1 weight section in 50 
weight sections and "Kayarad R167" by Nippon Kayaku Co., Ltd., the dual tone multifrequency actuation 
liquid crystal ("DF01XX" by Chisso Corp.) 70 weight section, and the photopolymerization initiator (the 
"IRUGA cure 184" by Ciba-Geigy) 1 weight section were mixed, and the mixed solution 2 was prepared. 
[0050] The liquid crystal device was produced like the example 1 except using the above-mentioned mixed 
solution 2 instead of a mixed solution 1 . The liquid crystal device just behind cool down ready presented 
nebula by light scattering, made 100% light transmittance in the condition of an empty eel, and the light 
transmittance of the liquid crystal device in this light-scattering condition was 19%. 

[0051] The temperature of the obtained liquid crystal device of this example was kept at 27 degrees C, and 
100msec impression of the square wave electrical potential difference of **80V and 1kHz was carried out 
inter-electrode [ of a liquid crystal device ]. During electrical -potential-difference impression, the 
transparence condition (light transmittance = 95%) was shown, and, as for the liquid crystal device, after 
this electrical-potential-difference impression was maintaining the transparence condition (light 
transmittance = 85%). 
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[0052] Next, 100msec impression of the square wave electrical potential difference of **80V and 100kHz 
was carried out at the liquid crystal device of this example. During electrical-potential-difference 
impression, the light-scattering condition (light transmittance = 10%) was shown, and, as for the liquid 
crystal device, after electrical-potential-difference impression was maintaining the light-scattering condition 
(light transmittance = 19%). 

[0053] Furthermore, the transparence condition (light transmittance after applied-voltage discharge = 85%) 
and the light-scattering condition (light transmittance after applied-voltage discharge = 19%) of having 
memory nature were able to be formed in the liquid crystal device of this example by turns by impressing a 
square wave (the above-mentioned **80V and 1kHz) and a square wave (**80V and 100kHz) to a liquid 
crystal device alternately with 100msec(s). That is, relaxation of the transparence condition in the liquid 
crystal device of this example and a light-scattering condition was 10% and 9% in permeability change, 
respectively, and its relaxation of a transparence condition was large compared with relaxation of the 
transparence condition of an example 1 . 

[0054] (Example 2) After having prepared the ITO electrode in each of two glass substrates, preparing the 
polyimide film and performing rubbing processing, the liquid crystal device was produced like the example 
1 except having used the eel which carried out opposite arrangement and which was constituted through the 
5-micrometer spacer. 

[0055] The liquid crystal device just behind cool down ready presented nebula by light scattering, made 
1 00% light transmittance in the condition of an empty eel, and the light transmittance of the liquid crystal 
device in this light-scattering condition was 20%. 

[0056] The temperature of the obtained liquid crystal device of this example was kept at 27 degrees C, and 
100msec impression of the square wave electrical potential difference of **80V and 1kHz was carried out 
inter-electrode [ of a liquid crystal device ]. During electrical-potential-difference impression, the 
transparence condition (light transmittance = 96%) was shown, and, as for the liquid crystal device, after 
this electrical-potential-difference impression was maintaining the transparence condition (light 
transmittance = 90%). That is, relaxation of a transparence condition was about 6% in permeability change. 
[0057] Next, 100msec impression of the square wave electrical potential difference of **80V and 100kHz 
was carried out at the liquid crystal device of this example. During electrical-potential-difference 
impression, the light-scattering condition (light transmittance = 14%) was shown, and, as for the liquid 
crystal device, after electrical-potential-difference impression was maintaining the light-scattering condition 
(light transmittance = 21%). That is, relaxation of a light-scattering condition was about 7% in permeability 
change. 

[0058] Furthermore, the transparence condition (light transmittance after applied-voltage discharge = 90%) 
and the light-scattering condition (light transmittance after applied- voltage discharge = 21%) of having 
memory nature were able to be formed in the liquid crystal device of this example by turns by impressing a 
square wave (the above-mentioned **80V and 1kHz) and a square wave (**80V and 100kHz) to a liquid 
crystal device alternately with 100msec(s). 

[0059] (Example 2 of a comparison) The liquid crystal device was produced like the example 2 except 
having used the mixed solution 2 used in the example 1 of a comparison instead of the mixed solution 1 . 
The liquid crystal device just behind cool down ready presented nebula by light scattering, made 100% light 
transmittance in the condition of an empty eel, and the light transmittance of the liquid crystal device in this 
light-scattering condition was 20%. 

[0060] The temperature of the obtained liquid crystal device of this example was kept at 27 degrees C, and 
100msec impression of the square wave electrical potential difference of **80V and 1kHz was carried out 
inter-electrode [ of a liquid crystal device ]. During electrical-potential-difference impression, the 
transparence condition (light transmittance = 96%) was shown, and, as for the liquid crystal device, after 
this electrical-potential-difference impression was maintaining the transparence condition (light 
transmittance = 86%). 

[0061] Next, 100msec impression of the square wave electrical potential difference of **80V and 100kHz 
was carried out at the liquid crystal device of this example. During electrical-potential-difference 
impression, the light-scattering condition (light transmittance = 14%) was shown, and, as for the liquid 
crystal device, after electrical-potential-difference impression was maintaining the light-scattering condition 
(light transmittance = 20%). 

[0062] Furthermore, the transparence condition (light transmittance after applied-voltage discharge = 86%) 
and the light-scattering condition (light transmittance after applied-voltage discharge = 20%) of having 
memory nature were able to be formed in the liquid crystal device of this example by turns by impressing a 
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square wave (the above-mentioned **80V and 1kHz) and a square wave (**80V and 100kHz) to a liquid 
crystal device alternately with 100msec(s). That is, relaxation of the transparence condition in the liquid 
crystal device of this example and a light-scattering condition was 10% and 6% in permeability change, 
respectively, and its relaxation of a transparence condition was large compared with relaxation of the 
transparence condition of an example 2. 

[0063] (Example 3) The ITO electrode was prepared in each of two glass substrates, and the liquid crystal 
device was produced like the example 1 except having used the eel which carried out opposite arrangement 
and which was constituted through the 5-micrometer spacer, without performing orientation processing. 
[0064] The liquid crystal device just behind cool down ready presented nebula by light scattering, made 
100% light transmittance in the condition of an empty eel, and the light transmittance of the liquid crystal 
device in this light-scattering condition was 19%. 

[0065] The temperature of the obtained liquid crystal device of this example was kept at 27 degrees C, and 
100msec impression of the square wave electrical potential difference of **80V and 1kHz was carried out 
inter-electrode [ of a liquid crystal device ]. During electrical-potential-difference impression, the 
transparence condition (light transmittance = 96%) was shown, and, as for the liquid crystal device, after 
this electrical-potential-difference impression was maintaining the transparence condition (light 
transmittance = 91%). That is, relaxation of a transparence condition was about 5% in permeability change. 
[0066] Next, 100msec impression of the square wave electrical potential difference of **80V and 100kHz 
was carried out at the liquid crystal device of this example. During electrical-potential-difference 
impression, the light-scattering condition (light transmittance = 14%) was shown, and, as for the liquid 
crystal device, after electrical-potential-difference impression was maintaining the light-scattering condition 
(light transmittance = 20%). That is, relaxation of a light-scattering condition was about 6% in permeability 
change. 

[0067] Furthermore, the transparence condition (light transmittance after applied- voltage discharge = 91%) 
and the light-scattering condition (light transmittance after applied- voltage discharge = 20%) of having 
memory nature were able to be formed in the liquid crystal device of this example by turns by impressing a 
square wave (the above-mentioned **80V and 1kHz) and a square wave (**80V and 100kHz) to a liquid 
crystal device alternately with 100msec(s). 

[0068] (Example 3 of a comparison) The liquid crystal device was produced like the example 3 except 
having used the mixed solution 2 used in the example 1 of a comparison instead of the mixed solution 1 . 
The liquid crystal device just behind cool down ready presented nebula by light scattering, made 100% light 
transmittance in the condition of an empty eel, and the light transmittance of the liquid crystal device in this 
light-scattering condition was 19%. 

[0069] The temperature of the obtained liquid crystal device of this example was kept at 27 degrees C, and 
100msec impression of the square wave electrical potential difference of **80V and 1kHz was carried out 
inter-electrode [ of a liquid crystal device ]. During electrical -potential -difference impression, the 
transparence condition (light transmittance = 96%) was shown, and, as for the liquid crystal device, after 
this electrical-potential-difference impression was maintaining the transparence condition (light 
transmittance = 85%). 

[0070] Next, 100msec impression of the square wave electrical potential difference of **80V and 100kHz 
was carried out at the liquid crystal device of this example. During electrical-potential-difference 
impression, the light-scattering condition (light transmittance = 14%) was shown, and, as for the liquid 
crystal device, after electrical-potential-difference impression was maintaining the light-scattering condition 
(light transmittance = 19%). 

[0071] Furthermore, the transparence condition (light transmittance after applied-voltage discharge = 85%) 
and the light-scattering condition (light transmittance after applied- voltage discharge = 19%) of having 
memory nature were able to be formed in the liquid crystal device of this example by turns by impressing a 
square wave (the above-mentioned **80V and 1kHz) and a square wave (**80V and 100kHz) to a liquid 
crystal device alternately with 100msec(s). That is, relaxation of the transparence condition in the liquid 
crystal device of this example and a light-scattering condition was 11% and 5% in permeability change, 
respectively, and its relaxation of a transparence condition was large compared with relaxation of the 
transparence condition of an example 2. 

[0072] (Example 4) The black optical absorption layer was prepared in one front face (rear face) of the 
liquid crystal device of an example 1 . 

[0073] When the square wave electrical potential difference of **80V and 1kHz was impressed to this liquid 
crystal device and having been observed from the front face, the black which is a color of an optical 
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absorption layer was observed. Moreover, black was presented even after canceling electrical-potential- 
difference impression. 

[0074] Next, when the square wave electrical potential difference of **80V and 100kHz was impressed to 
the liquid crystal device of this example, the liquid crystal device was presenting the light-scattering 
condition, i.e., white. Moreover, white was maintained even after canceling electrical-potential-difference 
impression. 

[0075] Furthermore, the black and white which have memory nature were able to be formed by turns by 
impressing a square wave (the above-mentioned **80V and 1kHz) and a square wave (**80V and 100kHz) 
to a liquid crystal device alternately with 100msec(s). 

[0076] (Example 5) The giant-molecule precursor 50 weight section which consists 50 weight sections and 
1 ,6-hexanediol diacrylate of the 5 weight sections in acrylic-acid 4-hydroxy butyl, the dual tone 
multifrequency actuation liquid crystal ("DF01XX" by Chisso Corp.) 50 weight section, the silane coupling 
agent (octadecyl triethoxysilane) 3 weight section, and the photopolymerization initiator (the "IRUGA cure 
1 84" by Ciba-Geigy) 1 weight section were mixed, and the mixed solution 3 was prepared. 
[0077] The liquid crystal device was produced like the example 1 except using the above-mentioned mixed 
solution 3 instead of a mixed solution 1 . The liquid crystal device just behind cool down ready presented 
nebula by light scattering, made 100% light transmittance in the condition of an empty eel, and the light 
transmittance of the liquid crystal device in this light-scattering condition was 1 9%. 

[0078] The temperature of the obtained liquid crystal device of this example was kept at 27 degrees C, and 
100msec impression of the square wave electrical potential difference of **80V and 1kHz was carried out 
inter-electrode [ of a liquid crystal device ]. During electrical-potential-difference impression, the 
transparence condition (light transmittance = 95%) was shown, and, as for the liquid crystal device, after 
this electrical-potential-difference impression was maintaining the transparence condition (light 
transmittance = 88%). That is, relaxation of a transparence condition was about 7% in permeability change. 
[0079] Next, 100msec impression of the square wave electrical potential difference of **80V and 100kHz 
was carried out at the liquid crystal device of this example. During electrical-potential-difference 
impression, the light-scattering condition (light transmittance = 10%) was shown, and, as for the liquid 
crystal device, after electrical-potential-difference impression was maintaining the light-scattering condition 
(light transmittance = 22%). 

[0080] Furthermore, the transparence condition (light transmittance after applied-voltage discharge = 88%) 
and the light-scattering condition (light transmittance after applied- voltage discharge = 22%) of having 
memory nature were able to be formed in the liquid crystal device of this example by turns by impressing a 
square wave (the above-mentioned **80V and 1kHz) and a square wave (**80V and 100kHz) to a liquid 
crystal device alternately with 100msec(s). 

[0081] (Example 4 of a comparison) The giant-molecule precursor 50 weight section which consists 50 
weight sections and 1 ,6-hexanediol diacrylate of the 5 weight sections in acrylic-acid 4-hydroxy butyl, the 
dual tone multifrequency actuation liquid crystal ("DF01XX" by Chisso Corp.) 50 weight section, and the 
photopolymerization initiator (the "IRUGA cure 184" by Ciba-Geigy) 1 weight section were mixed, and the 
mixed solution 4 was prepared. 

[0082] The liquid crystal device was produced like the example 5 except using the above-mentioned mixed 
solution 4 instead of a mixed solution 3. The liquid crystal device just behind cool down ready presented 
nebula by light scattering, made 100% light transmittance in the condition of an empty eel, and the light 
transmittance of the liquid crystal device in this light-scattering condition was 1 9%. 

[0083] The temperature of the obtained liquid crystal device of this example was kept at 27 degrees C, and 
100msec impression of the square wave electrical potential difference of **80V and 1kHz was carried out 
inter-electrode [ of a liquid crystal device ]. During electrical -potential-difference impression, the 
transparence condition (light transmittance = 95%) was shown, and, as for the liquid crystal device, after 
this electrical-potential-difference impression was maintaining the transparence condition (light 
transmittance = 80%). 

[0084] Next, 100msec impression of the square wave electrical potential difference of **80V and 100kHz 
was carried out at the liquid crystal device of this example. During electrical-potential-difference 
impression, the light-scattering condition (light transmittance = 10%) was shown, and, as for the liquid 
crystal device, after electrical-potential-difference impression was maintaining the light-scattering condition 
(light transmittance = 21%). 

[0085] Furthermore, the transparence condition (light transmittance after applied-voltage discharge = 80%) 
and the light-scattering condition (light transmittance after applied- voltage discharge = 21%) of having 
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memory nature were able to be formed in the liquid crystal device of this example by turns by impressing a 
square wave (the above-mentioned **80V and 1kHz) and a square wave (**80V and 100kHz) to a liquid 
crystal device alternately with 100msec(s). That is, relaxation of the transparence condition in the liquid 
crystal device of this example and a light-scattering condition was 15% and 1 1% in permeability change, 
respectively, and its relaxation of a transparence condition was large compared with relaxation of the 
transparence condition of an example 5. 
[0086] 

[Effect of the Invention] As explained above, according to this invention, there is no display nonuniformity 
and it has memory nature by high-speed responsibility, and the liquid crystal device by which relaxation of a 
transparence condition was controlled especially can be offered, without passing through a complicated 
production process, and it can apply preferably as a display device or an optical shutter component. 

[Translation done.] 
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* NOTICES * 

iTPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[Drawing 2] 
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[Translation done.] 
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